T
here is a growing evidence that excessive time devoted to sedentary behaviours, regardless the leisure-time physical activity level, is associated with a higher risk of cardiovascular diseases and all-causes mortality. 1, 2 It is, therefore, essential to investigate current levels of sedentary behaviour in order to establish evidence-based public health policies. Epidemiological studies have traditionally assessed screen time sedentary behaviours by self-reported questionnaires. 3 Moreover, recent studies have shown that self-reported television (TV) viewing time is reliable 4 and valid. 5 In adults, TV viewing seems to be a robust marker of sedentary lifestyle, especially in women. 6 However, in children and adolescents sedentary patterns are much more complex, 7 making the study of sedentariness a challenge. Remarkably, the majority of studies conducted on children and adolescents that assessed self-reported TV viewing did not examine their reliability or validity. 8 Yet diaries provide valid estimates of sedentary behaviours; 9 they are intrusive for the participants which may lead to low compliance rates. The use of accelerometry as an objective measure of physical activity has provided the epidemiology field new possibilities to measure sedentary time. 10 Therefore, it is of interest to know whether sedentary behaviours questionnaires correctly classify objectively measured sedentary time. The Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) cross-sectional study (CSS) 11 collected information about sedentary behaviours by questionnaire and objectively measured sedentary time by means of accelerometry.
The objectives of the current study were to: (i) determine the reliability of the HELENA screen time-based sedentary behaviour questionnaire and (ii) investigate its validity, i.e. the ability of the questionnaire to correctly rank adolescents according to the objectively measured sedentary time.
Methods

Reliability study
Adolescents were recruited from two schools that were included in the HELENA CSS, one from Ghent (Belgium) and the other from Zaragoza (Spain). Thus, we assumed that socio-demographic characteristics should not differ from the HELENA CSS sample. After receiving information about the aims and methods of the study, all the participants signed an informed written consent. In all, 209 adolescents were screened, and a total of 183 adolescents were enrolled in the study (79 males, 104 females; age range 12.5-17.5 years). They completed the HELENA sedentary questionnaire twice (1 week apart) at school hours, and wore accelerometers between test and retest measurements. The period between test and retest should be short enough to ensure that subjects had not changed their sedentary behaviours, but long enough to prevent recalling the previous answers.
Validity study
Altogether 3528 adolescents met the general HELENA inclusion criteria (age range 12.5-17.5 years, not participating simultaneously in another clinical trial and be free of any acute infection lasting <1 week before the inclusion). 12 Among these, 3282 completed at least 75% of the HELENA sedentary behaviour questionnaire. Finally, 2048 had complete data of the HELENA screen time-based sedentary behaviour questionnaire and met the inclusion criteria for accelerometry. Socio-demographic characteristics (age, gender and socio-economic status), and prevalence of each sedentary behaviour were not significantly different between the general HELENA sample and the sub-sample used in the current study (n = 2048).
The HELENA study aimed to obtain a broad range of standardized, reliable and comparable health-related data (such as food patterns, physical activity level, physical fitness, body composition, sedentary behaviours, genotype, biochemical data) from a random sample of European adolescents. Data collection took place in 10 European cities (Vienna in Austria, Ghent in Belgium, Lille in France, Dortmund in Germany, Athens and Heraklion in Greece, Pécs in Hungary, Rome in Italy, Zaragoza in Spain, Stockholm in Sweden). 11 All participants were recruited at schools. To guarantee that the heterogeneity of social background of the population would be represented, schools were randomly selected after stratification on school zone or district. In case of the selected schools refusing to participate, a second list of substitute schools was already foreseen. Up to three classes from two grades were selected per school. A class was considered eligible if the participation rate was at least 70%. After receiving complete information about the aims and methods of the study, all adolescents and their parents or guardians signed fully informed written consent. The reliability and validity study were performed following the ethical guidelines of the Declaration of Helsinki 1961 (revision of Edinburgh 2000), and approved by the Ethics Committee of every study centre. Description of ethical issues and good clinical practice within the HELENA CSS has been published elsewhere. 12 
HELENA screen time-based sedentary behaviour questionnaire
We designed the HELENA sedentary behaviours questionnaire based on a previous study conducted in Spain, 13 yet it was substantially improved with more behaviours and more options on the time engaged in each behaviour. In the classroom, researchers briefly explained the aim of the questionnaire and supported adolescents with all the unclear questions. Teachers were allowed to stay in the classroom during the study. 
Objectively measured sedentary time
A uni-axial accelerometer (Actigraph MTI, model GT1M, Manufacturing Technology Inc., Fort Walton Beach, FL, USA) was used to measure sedentary time. Adolescents were instructed to place the monitor underneath the clothing, at the lower back, using an elastic waist band and wear it for seven consecutive days. They were also instructed to wear the accelerometer during all time awake and only to remove it during water-based activities. We excluded from the analysis bouts of 20 continuous minutes of 0 activity intensity counts, considering these periods as non-wearing time. Monitor wearing time was calculated by subtracting non-wear time from the total registered time for the day. At least 3 days of recording, 14 with a minimum of 8 h registration per day was set as an inclusion criterion. The time sampling interval was set at 15 s. Sedentary time was defined as <100 counts per minute (c.p.m.). 
Statistical analysis
Reliability study
We assessed the test-retest reliability of the HELENA screen time-based sedentary behaviour questionnaire using the weighted Cohen's -coefficients (quadratic). The strength of agreement for the -values was interpreted as follows: 0-0. 20 
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Validity study H-Kruskal-Wallis test was used to compare objectively measured sedentary time by groups (tertiles) of self-reported sedentary behaviour time. We performed the analyses by different sedentary behaviours, i.e. TV, computer games, video games, Internet for study and non-study reasons and study time (out of scholar schedule), and by using a composite sedentary score. For all statistical tests, a P 0.05 was considered to be statistically significant. Statistical procedures were performed by using SPSS software, version 16.0 (SPSS, Chicago, IL, USA) and STATA software, version 10.0. Table 1 shows Table 2 shows the median percentage of objectively measured sedentary time by tertiles of TV time, computer games and videogames, Internet for study and non-study reasons and study time, and the composite sedentary score by day of the week (week and weekend days). In adolescent boys, the median percentage of objectively measured sedentary time was significantly different across tertiles of the majority of self-reported sedentary behaviours, except for TV viewing and console games. Moreover, the two composite sedentary scores (during week or weekend days) were useful to rank the adolescents' inactivity according to their observed objectively measured sedentary time. In contrast, in adolescent girls, median percentage of objectively measured sedentary time was similar (non-significant) across tertiles of time spent in sedentary behaviours, except for Internet for non-study reasons and time studying (both P < 0.05). Likewise, median percentage of objectively measured sedentary time was not different across tertiles of the composite sedentary score regardless of the week or weekend day.
Results
Reliability study
descriptive values and the weighted Cohen's -reliability coefficients for each sedentary category, by day of the week (weekdays and weekends). For the majority of sedentary behaviours, -values showed a moderate, substantial or almost perfect agreement, except for Internet for study reasons that resulted in fair (weekend) or moderate (weekdays) agreement. -values were lower during weekend days, except for study time.
Validity study
Discussion
In the present study, we investigated the reliability of the HELENA screen time-based sedentary behaviour questionnaire. Overall, it showed a good to excellent reliability. We observed that sedentary behaviours were less reliable at weekend (especially surfing Internet for study), which is in agreement with Hardy et al. 16 study where lower intra-class correlation coefficients of screen recreation activities during weekend days was found. Several reasons may explain the poorer reliability found when surfing the Internet for study: (i) this behaviour depends upon other external factors such as the academic chores; and/or (ii) adolescents are not able to estimate accurately when they are studying by the web because this activity is short and sporadic. Values are median (25th-75th percentile); TotalSED = total sedentary time summing the six sedentary behaviours. In bold, values with statistically significant differences: 1-2: P 0.05 between tertile 1 and tertile 2; 2-3: P 0.05 between tertile 2 and tertile 3; 1-3: P 0.05 between tertile1 and tertile 3. Values are minutes per day, mean AE SD.
Sedentary behaviours are those daily behaviours that produce a low energy expenditure [lower than 1.5 metabolic equivalents (METs), 1 MET = 1.5 ml kg À1 min À1 ]. 10 Because direct observation is time consuming, 9 self-or proxy-reported sedentary behaviours represent the most feasible approach for conducting population studies. Yet diaries may also be valid: 9 they are intrusive. To illustrate this point, we initially included them in the methodology of the current study but a low compliance rate was observed. Therefore, diaries were excluded from the final analysis. Nowadays, accelerometers provide an objective measurement of physical activity in a full range of intensities. 10 Although they have some technological limitations (e.g. our accelerometer model did not allow to record water-based physical activity), they provide an accurate information of the cumulative time spent each day sedentarily. 10 Another aim was to examine whether the HELENA screen time-based sedentary behaviour questionnaire was able to rank the adolescents' objectively measured sedentary time. In adolescent girls, only one out of the six sedentary behaviours (study) was directly associated with their objectively measured sedentary time, whereas in boys, the majority of them showed association. The authors could only make speculations on possible reasons attributed to observed gender differences. It is possible that the HELENA sedentary behaviour questionnaire has captured with more accuracy sedentary time in boys because it is a screen time-based sedentary behaviour questionnaire. In support of this, the main sedentary behaviours reported by Scottish boys were homework, playing computer/ video games and motorized transport, and for girls it was homework, motorized transport and sitting and talking. 7 Furthermore, in one sample with teenage girls predominance (923 from a total 1484), TV viewing was not a good marker of sedentariness, 17 representing only between 32% and 56% of the total time. It could be hypothesized that sedentary behaviour questionnaires with more categories of sedentary activities (such as reading magazines, listening to music, sitting and talking) may offer a better picture of the sedentary lifestyle in adolescent girls. Nonetheless, in adult women opposite results have been reported. TV viewing was positively associated with time spent on other sedentary behaviours and negatively with leisure-time physical activity. 6 Another possibility could be that accelerometers may have produced more reactivity in girls compared with boys, do not reflecting the habitual sedentary activity level in the former. That is, sedentary girls (but not boys) may have decreased their habitual high levels of inactivity during the observation period. This should be investigated in future studies. In comparison with previous investigations, we found higher percentages of the recorded time as sedentary ($80%). Matthews et al. 18 using data from the 2003-04 National Health and Nutrition Examination Survey found that children and adults in the USA spent 54.9% of their waking time, or 7.7 h/day, in sedentary behaviours. The use of different methods may explain the observed differences between studies (accelerometer model, minimum days wearing accelerometers or the employed criteria to define wearing time). Thus, researchers should adopt similar methodological procedures in future epidemiological studies.
Strengths and limitations
Several limitations need to be considered in the present study. Regarding the reliability study, time between questionnaire administrations (1 week) may have produced less variation in participant responses than would have longer test-retest surveys. In this sense, a report by Evenson and McGinn 19 showed a fair reliability (ICC = 0.32) of a TV watching questionnaire which was administered over a range of 9-30 days. In relation with the validity study, different cut-points on objectively measured sedentary time may be found in the literature. We used 100 c.p.m. as published elsewhere in adolescents, 14 because it probably best captures the inactivity physiology (<1.5 METs). Therefore, future studies should adopt a common methodological approach in order to obtain results amenable to comparison. Another concern is the presence of media multitasking, which means that some participants could engage in several tasks simultaneously. Females may have also developed more multitasks than males (i.e. surfing Internet while watching TV), which could partially explain the absence of validity in the former. In fact, American youth girls tended more to multitask with various media than boys. 20 Finally, we did not collect information about the type of console game used by adolescents. Some current console games (Wii) produce higher energy expenditure than traditional ones; and therefore, they should not be included as sedentary time. Strengths of this study were a large sample of adolescents from southern, western, eastern and northern Europe, and the implementation of a harmonized methodology. As much as we know, this is the first study that compares sedentariness using subjective and objective methodology in European adolescents.
Implications
Studies have traditionally reported the prevalence of screen time behaviours (TV viewing). However, the findings of current study indicate that time spent watching TV or playing videogames are not surrogates of total sedentary time. Consequently, sedentary behaviour questionnaires should include both screen time and non-screen time sedentary behaviours to capture a complete picture of adolescents' sedentary time.
Conclusions
The HELENA screen time-based sedentary behaviour questionnaire seems reliable to be used in adolescents. However, screen time-based sedentary questionnaires reflect better the sedentary behaviour of boys compared with girls. These results should not prevent the use of sedentary behaviour questionnaires in epidemiological studies with young people, but efforts should be done to optimize them in the future, especially when female adolescents are recruited.
Supplementary data
Supplementary data are available at Eurpub online.
Key points
Screen time-based sedentary behaviours questionnaires are reliable to be used in epidemiological studies with adolescents. Our results show that screen time-based sedentary behaviours questionnaires are good markers for ranking objectively measured sedentary time among boys. However, they are not surrogates of total sedentary behaviour in girls. Questionnaires used to study sedentary behaviours in young people should include other types of sedentary activities (non-exclusively based on screen time) in order to improve their ability to correctly classify the most sedentary subjects.
